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$\mathcal{H}_{1},\mathcal{H}_{2}$ , $B(\mathcal{H}_{k})$ $\mathcal{H}_{k}(k=1,2)$
. $\mathfrak{S}(\mathcal{H}_{k})$ $\mathcal{H}_{k}$ , .
$\mathfrak{S}(\mathcal{H}_{k})=\{\rho\in B(\mathcal{H}_{k})|\rho\geq 0, tr\rho=1\}$





, $\Lambda^{*}$ . A: $B(\mathcal{H}_{2})arrow B(\mathcal{H}_{1})$
$\forall\rho\in \mathfrak{S}(\mathcal{H}_{1}),$ $\forall A\in B(\mathcal{H}_{2})$ ,
tr$\Lambda^{*}(\rho)A=$ tr$\rho\Lambda(A)$
, A $\Lambda^{*}$ A $\forall n\in N,$ $\forall A_{j}$ $\in$
$B(\mathcal{H}_{2}),$ $\forall B_{k}\in B(\mathcal{H}_{1})$
$\sum_{j,k=1}^{n}B_{j}^{*}\Lambda(A_{j}^{*}A_{k})B_{k}\geq 0$




. , Shor ,
.
, $X\in N$ . $X^{2}\leq 2^{N}<2X^{2}$ $N$ ,
$Y<X$ $gcd(Y, X)=1$ $Y$ .




. $|k_{i}\}$ qbit , $\mathbb{C}^{2}$ CONS $\{|0\},$ $|1\}\}$
qbit .





. $\Lambda_{L}^{*}$ : $\mathfrak{S}(\mathcal{H})arrow \mathfrak{S}(\mathcal{H}\otimes \mathcal{K})$
$\Lambda_{L}^{*}(\rho)=\sum_{k,k’=0}^{2^{N}-1}P_{k}\rho P_{k’}\otimes|s_{m(k)}\}\{s_{m(k)’}|$ $(m(k)=Y^{k}mod X)$
. $\mathcal{K}=\bigotimes_{1}\mathbb{C}^{2}N$
’
, $\mathcal{K}$ 2 . 2 $|s_{i}\rangle$
, 1 . , 2 $(\mathcal{K})$
$\Lambda_{O\mathcal{K}}^{*}(\rho)=\sum_{i=0}^{2^{N’}-1}(I\otimes Q_{i})\rho(I\otimes Q_{i}^{*})$ $(Q_{i}=|s_{i}\}\{s_{i}|,$ $\rho\in \mathfrak{S}(\mathcal{H}\otimes \mathcal{K}))$
1 $(\mathcal{H})$




Shor $\Lambda_{F}^{*},$ $\Lambda_{L}^{*},$ $tr_{\mathcal{K}}$ ,
$\Lambda_{O\mathcal{H}}^{*},$ $\Lambda_{O\mathcal{K}}^{*}$ . $\Lambda_{O\mathcal{H}}^{*}$ $\Lambda_{O\mathcal{K}}^{*}$
, .
FTM
. , $\Lambda_{s}^{*}$ 5 $\Lambda_{F}^{*}$ $\Lambda_{L}^{*}$











, $\Lambda_{L}^{*}$ . $\Lambda_{L}^{*}$ 1 $|r_{k}\}$ , 2




, CNOT . , FTM
CNOT $\Lambda_{L}^{*}$ FTM
.
$\mathbb{C}^{2}$ CONS $\{|0\},$ $|1\}$ $\}$ . CNOT
$\mathbb{C}^{2}\otimes \mathbb{C}^{2}$ .
$U_{CNOT}=|0\}\langle 0|\otimes I+|1\rangle\langle 1|\otimes(|0\}\langle 1|+|1\}\langle 0|)$
, CNOT .
$\Lambda_{C}^{*}$NOT $(\cdot)=U_{CNOT}(\cdot)U_{C}^{*}NOT$
$\Lambda_{F}^{*}$ . $\Lambda_{F}^{*}$ .
.
CNOT qbit











$a,$ $a^{*}$ , . $=1$ ,
$H=(a^{*}a+ \frac{I}{2})$
. $H$ $E_{n}$ $x_{n}$
$Hx_{n}=E_{n}x_{n}$
$E_{n}=n+ \frac{1}{2}$ $(n=1,2,3, \cdots)$
. $E_{n}$ $x_{n}$ CONS , $|n\rangle=x_{n}$





















$| \phi_{+}^{\theta}\}=\frac{1}{\tau_{+}^{\theta}}(|\theta\rangle+|-\theta\})$ $( \frac{1}{\tau_{+}^{\theta}}=\frac{1}{\sqrt{2(1+\exp(-2|\theta|^{2}))}}I$
















FTM 1, 2, 3 , 1, 2, 3
3 3 . FTM , $0$ 1
2 1, 2 , 1 1 2 ,
2 1 . FTM
FTM .
5.1
[5] $[$ 11 $]$ $[$ 12$]$ , . $\mathcal{H}_{1}$ ,





$(K= \min\{j, n_{1}\}, L=\max\{j-m_{1},0\})$
. $V$ $\mathfrak{S}(\mathcal{H}_{1}\otimes \mathcal{K}_{1})$ $\mathfrak{S}(\mathcal{H}_{2}\otimes \mathcal{K}_{2})$ $\Pi_{BS}^{*}$
$\Pi_{BS}^{*}(\cdot)\equiv V(\cdot)V^{*}$




$\mathcal{L}_{1},$ $\mathcal{L}_{2}$ , , $\mathcal{H}_{1},$ $\mathcal{H}_{2}$





$N_{c_{1}},$ $N_{a_{1}}$ $\mathcal{L}_{1},$ $\mathcal{H}_{1}$ , $\chi$
. $U$ $H_{int}$
$U_{K}\simeq\exp\{-i\sqrt{F}(N_{C\text{ }}\otimes N_{a_{1}})\}$
. $\sqrt{F}=\chi T$ , $T$




[11][14] , 51 52 Kerr
, FTM . FTM
3 , $\mathcal{L}_{1}$ , 1 $\mathcal{H}_{1}$ , 2 $\mathcal{K}_{1}$ ,
$\mathcal{L}_{4},$ $\mathcal{H}_{4},$ $\mathcal{K}_{4}$ , FTM 6 $(\mathcal{L}_{1}\otimes \mathcal{H}_{1}\otimes \mathcal{K}_{1})$ 6 $(\mathcal{L}_{4}\otimes \mathcal{H}_{4}\otimes \mathcal{K}_{4})$
$\Lambda_{FTM}^{*}(\cdot)=\Lambda_{BS2}^{*}\circ\Lambda_{K}^{*}0\Lambda_{BS1}^{*}(\cdot)$
.








FTM CNOT , ,
. $|\cdot)$ ,


























































$|\phi_{+}^{\theta}\}\otimes|\phi_{-}^{\gamma}\rangle$ $|\phi_{-}^{\theta’}\rangle\otimes|\phi_{+}^{\gamma^{l}}\}$ $|0\rangle_{bit},$ $|1\}_{bit}$
. , 1
, Schr\"odinger cat state , $\theta,$ $\theta’,$ $\gamma,$ $\gamma’$
, Schr\"odinger cat state
. .





, 2 $0$ .




$\Lambda_{H}^{*}(\cdot)=V_{mirror}\circ U_{K}\circ V_{hBS}(\cdot)V_{hBS}^{*}\circ U_{K}^{*}oV_{mirror}^{*}$
$|\phi_{+}\rangle\otimes|\phi_{-}\rangle$ $|\phi_{-}\rangle\otimes|\phi_{+})$





$|\phi+\}\otimes|\phi_{-}\}$ $|\phi_{-}\}\otimes|\phi_{+}\rangle$ $|0\}_{bit},$ $|1\}_{bit}$ 1,2 ,





























, qbit $|0\}_{bit}$ $|1\rangle_{bit}$ . $|\phi_{+}\}\otimes$
$|\phi_{-}\}$ $|\phi_{-}\}\otimes|\phi_{+}\rangle$ qbit . 2
, , $|\phi_{\pm}\}$
, 1 , .
FTM , 2 FTM
, 2 $|0\rangle\otimes|\theta\}$ . qbit
FTM $|0\rangle\otimes|\theta\rangle$ $|\theta\}\otimes|0\rangle$ .
qbit .
7 FTM Shor











$\Lambda_{L}^{*}$ . , 2 CNOT 2-qbit
.
$\Lambda_{2sum}^{*}(\cdot)=\Lambda_{FTM}^{*}0\Lambda_{FTM}^{*}(\cdot)$
2 CCNOT 1 CNOT 2-qbit .
CCNOT CNOT 4 .
$\Lambda_{2cr}^{*}(\cdot)=\Lambda^{*}Fo\Lambda^{*}0\Lambda^{*}\circ\cdots 0\Lambda_{FTM(1)}^{*}(\cdot)$
2-qbit 2-qbit N-qbit .
2-qbit $n$ , 2-qbit n-l , 2-qbit








. N-qbit $2n$ FTM , $\Lambda_{EX}^{*}$ ,




Modular Adder N-qbit Modular Multiplexer .
$\Lambda_{CMM}^{*}(\cdot)=\overline{\Lambda}_{CP(1)}^{*}\circ\overline{\Lambda}_{MA(1)}^{*}0\cdots 0\overline{\Lambda}_{CP(N)}^{*}0\overline{\Lambda}_{MA(N)}^{*}0\Lambda_{CN}^{*}0\Lambda_{CN}^{*}0$


















, CNOT , ,
Shor





. Schr\"odinger cat state
, Schr\"odinger cat state
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